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THE SYSTEMATIC USE OF MOTIVATING MATERIALS WAS DEVELOPED
AND EVALUATED THROUGH THE TECHNICAL DEVELOPMENT OF A
VIDEO-SOUND SYSTEM FOR PROVIDING PROGRAMED TELEZVISION TO
INDIVIDUAL STUDENTS. FIVE PHYSITS PROGRAMS WERE CEVELOFED AND
RECORDED ON VIDEOTAPE. EACH OF THE FIVE PROGRAMS HAD
SEQUENCES PRECECING IT WHICH WERE DESIGNED TO MOTIVATE THE
STUDENT TO LEARN THE SUBSEQUENT MATERIAL. EACH STUDENT TOOK
TWO PROGRAMS~--MOTIVATED AND UNMOTIVATED. THE RESULTS SHOWED
NO SIGNIFICANT DIFFERENCE IN ACHIEVEMENT BETWEEN MOTIVATED
AND UNMOTIVATED FROGRAMS. IT WAS RECOMMENDED THAT FURTHER
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Froblem

throughout the history of education, various
teaching strategies or methods of presentation have
beenr developed, each directed to more effective
learning for tie student. Traditionally, there
nas been the lecture, the discussion method, and
tne directed questioning procedures of reflective
teacning. With the technological revolution came
"new riedia" for educationazal nresentation. Lectures
nave been adaptad tc radic and then to televisiocn.
The kasic tbcnnvqup" of re¢flective teaching have
been applied in Programed textbcoxs and teachin;s
machines, althcugh the origin of these mateﬂials
nas come Trom innovators witn differing points of
view tcward learninz thneory.

in examining these many apprcacnes to teachirnss,

certain facts Qta id out. Alithough one technigque may
teacn better than another in a given stud the
iiterature inverliably reveals cases where Eu,-
vas "ro significant difference”. Even more striking
is the faet tnat there is usually great overlap

cf achievement from control to exverimental groups.
seldom can Lnis uncxnlained variation be attryibnted
tu atTlity differences. oot resenrch worker:s
acknowicedge the presence of scme motivational factop
s uncontrellsd variation. Classrcom teachers have

<

Ponys pecognizec tne peoblem of motivation, buil the
universasl proeblem of student adlur and drop-out .
suzgests that € recogniticn of ithe probvlem does

not lead to previding for motivation in the clagsrocn.

-

Ty

in the pregaruztion of nrogramed matepials,

is tacitly assumesd Lhat p)"(ﬂ!]dlnf" Tmmediate Kriow b

{Fi) o~ the correetness of o respeenso "xa; oo met T

“his agssumpticn is bLasic to Crowder's intrinsic

“rﬂrrams and to Crlrmner's linear ;rograma. Becazo
faws tepived from animal exporiments agpe Lthe Loase

nP reinforecement, psychology, there Lo zome quest i
atsut tne applicabllity of such laws to human leardin.-.
cinforcement of animals is in terms of basic pnysico- e
h 4

F )
leeical needs. s a human subject, anWLeare of
the ccrrectness of 2 reeponse on z verbal, unintereciin.s
prizram nay not cerve as & reinforcement. To nrovion
reinforcement, stucernts must He motivated son that

nE “afiﬂf*ec some need. The preblem is to ureoviae

e X
this netivation,
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ng the typewritc: input
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- O

visico tape system.

Tne adaptaiion of provrammed material to Lele -

s

v1silon is not new. As early as 19u] » Gropper and

3
Lumsdaine (1
Frlucations

,

2 3

Js in cooperatior with the Metropolivarn
Television Stations WQEI-WGEE, of

b Lt
Penncsylvania, devised techr niques for

2.




presenting programmed materials by televisiou.  'Phey
tnen comprresd the effectiveness of televised Yessons
containiny profpramed cequencss witis cconventional
srograned sequences. Thelr results suggested that
vropamed materinlse could be nresented to groups of
student= by rtelevision.

AL Permsylvaniaz Stale University, where C. k.
Carpenter and L. P, Sreenhiil hiave conducted numercous
studies of educatione] television, =2 thnrouPh
examinztion of rrosramed learnir“ sppliied to
televizion was iritizted In 19€2. In a comprenensive
repert of five experiments, three of which invalvea
vrogramed learning by clesed circuit television,
Greenhiis and Carpenter (2 challenre scme of Lie
assumptions underlying precsentation of programed
materizls,.

In in2 firct azrticle of tais publicaticn,
Carpenter (3) outlines the problems investigated:

(1) 3rou; versus inaividual presentztion of pro-
sramed materialils; (2) the effect of varied rates

cf presentation on iearning progremed materials;

(3) A comparison of paired versus individual

student work in learnineg prcgramed materials Tiie
The basic goal of Carpenter and §: e“ﬁnllJ was to snew

thhat Zearning at Individual student paced rates wac
not an optimum lesrning situation “nu that students
could learn as well when paced externzlly, thus
Justifying the use of clcsed zircuit (or broadecast)
television in gresenting vrogramed materials. On
tiie basis of these experiments, tney try to show

-l

’

that televisicn, directed to irouns of studenis, can
pcerform all the functions normaily attributed to
teaching machines.

In the fiprst study (4) Carpenter examines ths
praeviem ¢f zroug rresentation versus individual
wors in propramed learning.  One program was presentoed
te preucs of students by film-ztripy. The other

ividually in oreceramed books
ne. Ho sirnificant difference
3 sublects was observed, The

program was taken i
and by teaching mach:
'i achieveucnt for i
rxternally pacea filr
learner paced ingi

,..-.

i3

'-h

vidual programeqa materials.

m\-

<
.

Whern resecarch indlcated thal extornal paclns
was nct a critical factor, it became feasible to
acdapt programed materials for use on ciused cirveulil
televicicn. This task was undertaken by Greeonhili (@)

m=-strip Jpoaﬂently was as erfectlve

ey




arsd an evaluation of this technique was made. The
crecific problems were (1) to adapt programed aigebra
for clcsed czirecuit television and (2) to evaluate

the effectiveness of the television presentation.

To vrepare the nrogramed materials for

relevision presentation, visuals were prepnared

which contained the grogram frames. Written materizis
2n ecards would also be rsad wnen vresented to
svudents.  The conircl zroun would take the same
program ndivicduzally with teazchiing machines., A
ample of 63 students was seolected zud uretesved

for aoblliity (SCAT szores). .

U]"f
,l‘

l

"4
"
\
ae

The freatment involved 36 st r:ts using individuzl

teacning machines ana 27 1t € 3 group, pre-

sented the same grogram by closed i rculr teievision.

is interesting that for purposes of "motivation",
instructers "veice was used at appropriate

imes for .empnasis or clarification, or reinforcement"

Tt Cf b=y
e Y s S
]

oni the teievised presentation. An analysis of
covzriance indicated no significant difference
between the twoe treatments in terms of student
achievement in algairz. Televised externally paced
nrogramed algebra directed tc groups of students

was as effective as the individual use of learner
paced teaching machines.

To extend the applicition of televised prorramed
instruction to sther su bjects would rzquire some
eziaeuce that ite effectiveness was independent of

articular content, consequently, Spencer (7)

compared a televis eﬂ program in English grammar
with the zame program taught by teaching machine,
Tire results were essentizlly the same as for algebr a
no significant difference. In addition Spencer compare.
hoth methocs of presentation with conventional in-
struction by clcsed cirzuit television, with no
significant difference.

L) v-3

in summarizing the results of tuese various
studies, Carpenter (8) suggests that

"A principal result of the research was to show
that the programed courses can be presented to stu-
dents for study by the selected media and media
combinations with approximately equal probabilities
of learning gains."

Iy
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Jeveral suggestions are mace relative to
zxtending the researcih. TIncluded is 3 suggestion
tu iLudy tie use of videc-taped recordings. The
desipatility of extending the research to other
corn.tent areas was also stressed.

Altnough Tarpenter and Greenhill have evidence
Lo sugsest tnat televised programed instructicn
Lo froups is as effeciive as feaching machines used
arioan individuszl brsis, one presearech study (9)
roeveaied annther facior of gsiegnificanee. For 375

Siacden s, e o whom vers grlven Lelevised instruction

and ctuers gilven conventional clussroom instruction,
arecdolal responses were examince Tune responcses
couia be analyzed into two dthlnCv types. One tyge
reflectved focusc on self-initiztion by tne student.
The other tyre response reflected passive partici-
pation bty the student. It was fcound that studenvs
We re ""elF-qnher;ent" or "other dependent" accordirp
Lo tnie moede of presentation. Television presentation
produced significantly sreater "other-dependence"
than conventional inst?U(LLOq even for the same
students.

o )n

sic aszumption underlyinz propramed lezrnings
novledgze of the correctness of 2 response

a reinfcrcement. This se2neral assumption
rted by most learning theorists, although
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they may differ in trieir intervretation of what

is reinforcement. In examining the various learning
tneories. Hilgard (10) notes that a majority of
learning thnecrists o aceept certsin principles.
These theorists would probably agree that (1) A

motivated learner acqguires what he ilearns more
readily tnan one wne iz not motivated, (2) lezrningzx

mctivated by suc "ess is preferable to learning
motlvated by failur and (2) Learnine unacer

1111.1 Incie motivat ion ir—: prefoepabrle o feeapnine s e
cxtrinate mot Yvation, L appenrs fhal peospenpee g

bave glilven far to great emphasis Lo point (2) andg
Hittle thourht to pointe (1) and (3. There ia x
ey pral o annampbion Lhatt BE oslone o “"“”‘ L

nssoclated need or drive, providesz [or reintorccment .

Several studies have becrn ernduched Lo oxamine

Lhe effects of Bk, clone, In the ahiepee of molivar i,

At Lthe Johns Hopking Universlty, Chapanls (Li)
obrerved tnat "Tnformation per se does not scerve oo
an incentive". Subijccts were convinced thatl Lhey

™
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ver2 preparing a tape for a digital computer.
Actually, they were punching random digits into

2 teletype tape, but there was a computer in the
room. All subjects were paid by the day for thelir
services, having been hired for an indefinite

pericd,  Pay wans in uo way related tn work outjuf.
Four coeparate Lpeatmentbs wepe posalhle: (1)  ubjeet
nad access to no information on his work outputl;

(II) Subject could see a counter which totaled his
outout, but it was nnver reset to zero. He never

nad nls attention directed to it, but it was in

clear viewy; (ITI) Subject nad a caounter which was
recel. Lo zero o al the start of cach dnys;  ypeain hiwc
attention was not directed Lo the counter, but it

was In elear viewy;  (IV) Subject. had the same countor
arrangement as (Iil), but he was instructed to keep

a record of his outrut, taking a counter readinge
every 15 minutes.

Under the above conditions, tne four experimental
rroups worked for 24 days, at which time the work wac
terminated. The experimental arrangements were :such
that the subjiects never realized that they were
invelved in an experiment. They velieved all the
random digits were needed simply because the computer
was being programed for a Mornite Carlo problem.

sing the analysis of variance, there was no
i icant difference in the various treatmentis.
U 2ts with knowledge of their progress accomplished
no more than subjects completely uraware of how
much worx they did. The F ratios were so small that
"there was no reason to suppose further examination
of the hypothesis was necessary". Success in this
task represented amount of work done. Yet knowledye
of amcunt of work did not serve as an incentive.

vl U

ﬂif
Jec

qu

Other studies provided even more direct evidencs
concerning KR. At Temple University, Hough and
Revsin (12) examined programed learuidg with and
without Kk. Ninety college students served as
subjects under thnree separate treatments: (1) Sublject
used a teaching machine with selected responses;
(2) JSubject used a programed textbook with KR,
(3) oub1€Cu used a programed textbook, but KR frames
were left blank. Otherwise, the concext was identical.
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The analysis showed no significant difference

in achievement. Kncwledge of the correctness of
espor:ses did not serve as an incentive. Hough

ana Eevsin concluded, "...at their present stage of
develcpment, tesching machines as such offer no
instructional advantages." This comment would
appear rather strong until one nhad examined other
suppoerting evidence.
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Lt the elementiary ucnool isvel, Moore and
Smith (14) made the same ckservations. Spelling
achievement did not differ significantly when
cnrildren were exposed to®programed materials with
XR or without it. The conclusion was "...providing
S with knowledge of the correct responoe coes not
facilitate his learning of spelling"

t.

Learning Theory would indicate that KR,
kncwledge of correctness of responses, would not bpe
a factor in reinforcement unless the subject was
intrinsically motivated to need that KR. Otherwise,
one might expect the student to pe bored and uninter-
ested, a cnaracteristic which describes well the
student with 1little or no motivation toward
academic work. ;

A number of research workers nave observed
these characteristics. Gagn€é and Dick (15) report
tnat day in-day cut use of programed learning
materials was menotonous and tiring for students.
"Although the material itself may be interesting
(to whrm ), the problem of motivation requires

study."
At Purprdae, e ldhmsen (160) roeportoed fhat doetond
of programed learnloey materdals providinge reln-

forcement, there were GlothbLnF sipgns of boredon, i
what he nad called Lhe "podl ot fect . In anotiner
study, Beed and Hayman (1) obsevved that, when
the novelty wore off, students using programed
English 2600 suffered from boredom.

The fact of boredom on the part off students Lo
ireneralized vy Gotkin and Goldstein (18) with the
comment, "The single most common comment students
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N

mn Lout programed instruction, after using it
fer 2 period of time, is that is a a boring way to
- 7
i

Tnere 1is evidence to indicate that KR, alone,

do¢z net lead tc greater learning. There is additional
evicgence tnat boredom and lack of interest is common
anong students using programed materials. Learning
thensry inaieatses that these facts can be accounted

for in terms of the Isck of ztrdert motivation.

Tnere is some resegarein o support this view.

Air Development Center,

Carr (19),at the Wrizht
observed in & number of studies that confirming the
correccness of a iearner's rssponses to proolemo
may be eipected to bhe reinforcing only if the
legrner's motivation is intrinsie to the task being
learned This opinion may not be acceptable without
1 satisfactory experiment toc support it, but at
lezst one study examined this point directly.

“oore apd Smith {(20) compared two groups of
students working with programed materials. One
group wWas given XR alone, but the otner gzroup was
gilven XK and, In addition, each student was given
one penny for each ccorrect response. There was a
significant difference in achievemerit rates between
the two groups. An extrinsic reward, when added to
" KF, was more effective in reducing error rate than
“R by itself. 1If an extrinsic reward makes learning
more effective that without such rewzrd, the arousal
of intrinsic mctivation could produce unusual
effectiveness in learning.

Previous research indicates the feasibility
of presenting programed materials over television
by video tape. Other research shows that knowledge
of correctness of responses, alone, does not provide
reinforcement. Thus students are often bored by
programed materials in which no motivating factors
“ave neen provided. Wnen extrinsic motivation is
viged, learnlng is made more e{fective; therefore,
ic likely that intrinsic motivaztion could simni-
antly improve the cffect;veness of programcd
rning materials.
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Cpjectives

The vrimary objective of this research activity

rating materlalo in an instructional progran.
ondary okjzcetive was to continue the technical
ey 1opm-n» of a video~sound system for providing
progFramed television to individual students, znd to
m

vreve ftechniques for programing such a system.
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Tne proceaure follovied can be divided into

ive pnases. In the first phase, five physics
programs were written, and motivating materials

Wwere geveloped for tncse programs. [LCuring the
second phase, the programs were recorded on video
tape, appropriate props being used whenever possible
to take full advantage of the media, and to make
the programs less vertal. In the fourth phase,
tiie prograrmed video tape materials were presented to
individual, selscted students In the fifth phnase,
test scores were analyzed to answer pPQVJOUSly
detailed research questions.

Work of the first phase was completed during
the four montns of Cectober 1, 1965, to February 1,
1966. Five linear programs in physics, each covering
a zingle, reiatively independent concepl cor principlc,
were written. HMotivaticnal sequences were desisned
to arouse interest in, or need for, the program
that followed. One motivational device appeaied to
interest; the other four appealed to personal

o
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survival.,  fThress of Lhone four pedsted to automobdle
aa‘et", andg one related Lo cafely from electricend
shoee in Lhe pome. For cach program, one motivational
deyvice wiig presented bei'ore the prosram, under iLhe
assumapticn trat it would cause the student to want

e:pr necid Lo learn the subsequent subjecet matter of tihw
program to a greater extent than without motivating
mateprials

“hie secong pnafc wWas compleved [rom Febwuavv i,
T4, to July 15, 1%0&4. Tae prograns and associated
1»-

metivating materiais prepared in phase one were in
#ritten form. Thney nad to be adapted for presentation
on television. [uring this pericd, visuals, props,

and dermionstration apparatus were assembled and located
in the recerding studio. Sceripts for zudio were
written, and the <ntire set of programs were integrated
in nreparaticn for recording on video tape.

Wicrk of the third phase was conmpleted from July
1266, to August 17, 1966. The first step of
S phiase was tou lease and assemble the video-tape
camera arparatus for recording of the program. A
studio system consisting of an Ampex 660-B Video tape
recorder (witn olenuron’c ealtor) two vidicon view-
finde» cameras, and switcher- faaer console (EIA Sync)
Was leased. With materials already prepared for
recording, the actual video recording was slow, tedius,
and routine, 1t progressed without major difficulties.
Zlhen the programs nad been recorded visually, thne
electrenic editcecr permitted adding sound iater.
Also the electronic stop~start mechanixm was controled
by an zudic impulse placed on the second audio channel;
it too was added later using the electronic edit
feature of the recorder.

MR |
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The fourth pnase was completed from August 17,
1966 toc September 27, 1966. Sixty-six college students
were selected according to ability (SCAT 1A ocore.).
we groups of 33 each were selected uin a cne-to-one
matched ability basis. 1In addition 23 other students
(unmatched) were selected for use in evaluating the
programns and motivating materials. [ach student was
exposed to twe programs, one with motiivating material
preceding ity the other without motivating matervial.
After oacn program, the student took a mulfiple cnoice
st over the concept studled. Thesoe scores were ihc
basis of the analysis to be discussed later in this
report.

10.
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Sestemver 27, 1466, to November 15, 19€6. This
vhase involved the detailec statistical analysis
of tezt results in the experiment. Because of the
expzrimental design selected, it was possible to use
the zimple "t" test, instead of some elaborate
statistical model.

The fifth, and 1last, phase wes completed from

3

Progerams
Five linear pregrzms in pnysics vere produced
in this researcn activity. Thney were iLitlied
Kinetic Energy; (3

(1) Pressure; (2) EKi ) Potential
Enerzy (4) Electric Circuits; and (5) Scaling Laws.
iwach of these programs con51sted of a series of
brief demonstrations and associated questions. After
. each question was asked, fthe video tape precorder
"stopped automatically while the student constructed
nis responze. When the student was ready, he pusned
2 button which restarted the recorder playback.
The correct answer to the previous "frame' was then
presznted, and a new demonstration shown and guestion

asked.

b
L}

=

Program length varied from 11 minutes, 10 seconds,
to 28 minutes, 10 seconds of real reccrding time.
Tne program frames varied from 13 to 25. Each
nrofFram was preceded by a short motivating sequence
consisting of part of a film, with narration added
by using the electronic editor.

The first program, Pressure, was motivated by
a film Scene showing a real tornado destroying nomes.
The narration suggested that knowledge of the
principle which followed would help the student pro-
tect nimself if he shculd ever be trnreatened by a
tornado. t was assumed that the motivating device
would appeal to the fundamental need of personal
survival. _ The subject matter dealt with the concept
¢f pressure and how tornado funnel pressure can
"eynlode" a home.

The second program, Kinetic Enerpgy, was motl-
vated by z scene of an automobile skidding off a
nighway and crashing into a tree. The narration
indicated that a knowledge of the principle that
followed might help the student avoid such a collision

Ul
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imselif. ‘inis arpeal to personal safety was exnedioo:
tn czuse the student o need the «nowledge which

he yould aeauire from the prosram. T2 srogran

itself taurht concsnts of uork, kinetic energy,
Lhermpnl ensrey, ant conservation of enersy.

Tre Lnlrd rrogram, Potential Maeogy Was
motivated by the swume scene used for Finetic Hnersy,
Lut whe narration iscussed the Jdunrars of mountzin
iriviis, snd $ie necd to underotanag carinin orin-
cirlesz »f physics to prevent tirne zutomapliL.e Lrase!
"rm ioniting, causing 2 crcsh.  The subjfact malie
Ineluaed work, petential sznersy, trnermal enercy,
and eonseprvation o0 energy.

Tne Pourtn rropgram, flectric Circuitls, war
creceieq by & 3€ juence showing typical kitchen
elzetrical aprliances, with narrsiion indicating trv
nossipilifty that such appliances can te dangerous,
wiless a certain principle of circuits is undersioosd.
The concepts of eleciric clrcuits involved discrranc
5P basiec circuit elements and the tnree-wire systen
of the home, including the significance of the cenier-

tay sround.

st, program, Sczling Laws,
est. It was preceded by

M, "Tne rnh ree Worlds
t normal size
such giants

The fifth, and 13
waz motivated oy inter
a % minute secticn of t

€ Guliiver", chowineg a i
vecple. The narrstisn sug
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crocram.  Scaling Lzws taug e
of strangtn and wei~nf to lirear measures, and
nnw tne strengin to weight ratioc ecnanses &as hc

snale factor 1s changed.

The Samgle

Students e “oseﬂ to the programs viere sclectou
the basig of acility, using az & measure of
zbility the SCAT 1A uotal raw scores converted Lo
tandard (T) sccres from national

12.
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Teiovinaiiy, L owos planned Lo Seiact o a
rermecentavive sample from o2 normol nopulation,
including S8 sets <F studentz matched in abiiity.
To Lnis end, regulirec T scores uwers listed, and
rizmes a2nd telenhons nuntaors of new 2nliere students
were Lzien frcm o collepe files.  From this origpinzl ]
iist of come 860 names, subjiocis ware selected in
crdery 23 they were willing Lo @ocepni an appoiniment
ta nupticingte in i projsct,

Az Cor Sehrduline 3 CLUGEnRLO LEonn, 1t oooand
arearent sl the samsie desisrn woula not Le men,
it waz imoossitis L. et 19w abliliity zZiudents Lo
perticicate. Altaournh the tims required was only
Tyio hwours fopr one tline niy, mEny students, partio-
pluerly those wiin lawer ability, eitner refuszd o
parvicivate, or rz«2 zppointments and then failed
T anpsar.

LS 5 eonsenuencse of aypointment protlems, Lhe
final sample consicsted of 39 students, 6L of whichn
vwepre motehoed in atviiivy,ic Torm 2 Set of 53 matoehed
saies.  They were net roepresentalive of o norenerd
rorulation, althousi: this gsal was auvrrciimated.
Por tnic sample, tie mean T score was 51.93 and tho
varianece was 95.10, not sien®ficantiy different
from the regulred volues of 54 nnd 100 respectivoly.

Je agre conducting an cxnirement with felevision
teaching under a .rresnt from tLhe 4.0, OfFfice of
tducation.  In order o cyaluate Lhe prospeoams we
have rrecared, @e nave sclected certain students
vho can assist us. You are one of those persons.

o
Jould you e willing to come to the campus to

watch twe brief programs and take Ltwo short guizzes
cver those programs? It would be for one time
only, and the total time required is less than two
hcurs"

When the answer wasz, "yes", an appointment was made
and the student told,

"It is very important that you keep this appointment,

r let us know well in advance 1if you cannot make 1%.
You Wwill be using, by yourself, some twelve Lhcusand
dollars werth of television equipment, plus taking ihe
time of two staflf members. If you cannot be here,
then we want to scnedule someone else"

Thus the importance of keeping, the appointment wns




‘trnsr,f. It iz curicus that, in spite of this

e¥ 3 11??0 number »f lovwer ability students
?ailed tc keep appointments, and made no attempt
tn ~ive notification that they woulad not appear.

-

“xperimental [esign

“ach subicet was exposed tc two programs,
cone rreceded bty o motivational sequence, and another
nrgevan without moitivational material. For matcened
nairs of students, TS same nrograms wWere presented
te ezeh pair, vut they did not re eceive the same
mntlvational materiszl. At the conclusion of eacn
nrozram, sublects tood a 15 gquestion multiple cnoice
tesi over that grosram.

Thepe were ten possible treatments in the
experiment. TFlve rrograms praceded by motivational
material, nnd five were the same prograns presented
without nictivational materidl. The treatments are
gesicnated by 2z letter M or U, corrasponding t©o
motivated or unmotivated, followed by a number froum
i te §, corressonding to {1) Pressure; (2) Kinetic
Lnersv; (2) Potential Energy; (&) Electric Circuits;
and (5) Scaling Laws. Thus, for example, M3 would
ref2r to tne prograrm on potential energy preceded
by a metivational sequence.

T eliminate the necessity of administering
nrﬁ-tﬁst and tc avoid non-eguivalernce of tests
hemselvvy, the following experimental design was
used for matched pairs of students. A given pair
of students would take programs X and Y, each
fiilowed Ly tests over those programs. One student
wortld Loake F¥ el lteowed by UYL, The ot her stndend
would take UY followed by MY,  Then inoan anoiyasd
of the results of tests over thesce programs, a
comparison would be made betweon f.iwe cums of the
mot ivated procram scores and anmed iyvoated progpiram
scores for that pair. The following eyample
:1lustrates that design., Students A and B are
matebeed 1n o ability.

Student A Program Seaquence:  FL Lhen U
Stuadent B Proosereoan Seguence s B Lhen B

Find (MI)A+ (’i){ and (Ul) + (U5 )A’ cailing the firs
sum Mocd 1.0 s Cond cum H

14,




Sueh an siperimental design hag several
advanuaévk. It permits the use of the simple

"L teost for ceomnaring the means of the two troat-
ments M and U. By having each student take bot

an unmotivated and a mctivated program in the way
outlined abcve, 211 variazbles asscciated with the
program and with the evaluative instruments are

.
£
automatically accounted for. Even student abiiity
iz not a fzetor wnien should affect this design,
ltnouxh 1t is imp%rtant in stugdyins the s"ra*fiéance
of ability differences on motivational factors.

= values of ¥ and I discussed above for
r3z of students matcohed by zbility can ve
ed o made for low,
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i, Alsn, comparisons can b
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¢ s on programs were determined
iay.  kach test consisted of 15
multiple cholce guestions. Each g estion had 5
possible respences.  Hach response was Assipned

value of -2, -1, 0, 1, or 2, 3o that if every itcm
were marked rancomly, the probzbly result would be
zero. Some answers were thus better than others;

the test discrimination was thereby increased t hrough
this scorinz technique. The total score was determnined
by zdding 30 to the total point values listed above.
A perfect paper then would receive a score of 60.

A parcer on which the student had made 15 bad guesse
would receive & zero. There would be no negative
scores. A blank response was counted as zero, 350
that a blank test paper would have a score of 30.
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Achlevement s
in the followinge
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RESPLTS

Ability 3cores

Ability scores used in these analyses were
determined by converting SCAT 1A total raw scores
to standard scores (mean of 50 and variance of 100)
based on national, grade 13 norms. [or the fuil
sample of 89 students, the mean abillty score was

15.




51.%3 and the variance was 95.16, making this

sample nearly representative of a normal distribution.
The 06 students making up the 33 matched pairs had

a mean 2bility of 54.36, somewhat larger than the

full sample.

In srouping matched pairs for akility, the
fcliogwine ~lassificstion was used. Ability scores
1ess than cor ecuil to U7 formed seve-n pairs into the
1ow zbility =roup. Icores from 7 to 57 formed 13
nai*s into tne middile ability eroup. Scores equal
to or sreater than 57 formed 13 pairs into the hirhb
4bility sroun. These groupings si:ow the left-skewness
of the ability distribution resulting from the
difficulty of finding mztched pairs of low ability
subjects in sufficient numbers. A

89 students are included in the analysis,
W group, 32 in the middle group,

h erour. This distribution 1is
tributed about the mean of 51.973

ned set of 33 nairs of students

cly 2
- -

Wnen =zl1l
23 fzl1 in the
znd 29 in the h
more normally o
than is the mat
about the mean

iiatehed Pair Analysis

3ixty six subjects Tormed the set of 33 pairs
matehed by stility for which the evperiment was
sirned. To verform an analysis of the matched
pairs, the ¥ seores and U scores for o given pualr
of students vouiu be summed as described previously.
Table I shows the resulting mezn scores for tie
total «rouw, 2nd for sub-groups cof low, middie, and
hizh abilities. Az tne table indl cates, there was
no significant difference in achievement on the

programs for the group, or for any one ability
sub-group.

16.
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Grcup - - Level of
(ability) L jx¥ t af significarnice
tiigh (A257) 11C¢.2 107.3 1.16¢ 24 .24p<.3

Fiddle (47457 . ©9.5 95,4 .78 24 W{p.b

Lov (47>8) . a7 07,9 G0 .12 L3¢plet
Total 102.2 101.0 .48 64 .6¢p<. 7

Sum of guantities [(UYg+{LY),

]
¥¥Sum of guantities [(E»A+(MY)B] divided by number of pai

Teotal Sroup Analysis

As an alternate an=alysils, althnough inferior in
desiszn to matched pair analysis, all motivated test
results were compared with unmotivated test results
'These comparisons were mede for the total group and
for high, middie, and low zbility groups.

Ho direct compariscn of the §9 sets of scores
could be made unless all five tests and programs were
of equal difficulty. Because this assumption could
not be made, some adjustment nad tc be made to
approximate this eguivalence.

To provide for an equivalience of tests, ail
motivated and unmotivated scores for each of tne
five tests were vlaced together in flve seis, nmeans
and standard deviations be:mr found for each of the
five sets. EHach sccere could then be convertsd to
a standard score te msake compariscns possible.

Because the assignment of programs was neariy
random, and because each test was usecd nearly the samo
numher of times, a mean of all motivated standard gcore
compared with the mean of all unmotivated standard
scores is a valid comparison.
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fircucing inte muw, middle, and hign ability

Froaups uses the same oriteria In thio naly¢_~ HE
was used for match pair analysis. VWhnen the
statistical compzris ons are made, as shown in
Table II, again, no significant difference in achieve-
ment scores between mcotivated and unmotivated students
for the total group, or for any sub-group of low,
niddle, or high ability is observed.

TABLE II

Level of
significance
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ne observed results of this research activity
are, 2t first cognizance, surprising. Not only is
there no significant difference for any group or
sub-group, by either method of analysis, but the
mean scores themselves are numerically higher in
most instances in the unmotivated case. If these
differenceg were not merely chance occurences, as
tue sifpnificance tests snow, it would appear that
so-called motivatine materlial had woriked oppositc
at least for some abillty levels.

thie
cly,

tHiowever, if only numerical conparisons were
made, the most striking mean difference occurred
in favor of the motivational materials for the lowest
ability group in the matched pair analysis. Still,
again, these observed differences could have occurred
by chance alone with a high prcobability.
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Aithough numericzi comparisons of means is
tempiing, it 1s clear that nc such interpretations
az mentioned atove can be made from these results.
£ll otserved differences could have occurred by
chance alone with z nigh probability.

of . But it was so apparent,
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A somewhat less obvious characteristic of

inese results, noticed oy this investigstor, was
that students Gi¢ incrdinately well on all prosram
tests. For the instructional time required, students
zequired abilities to use certain physics concepts
and principles considerably better than exuerichce
i1as ghown is pessitiz in & Pegula“ classroom teaciiing:
situaticn. This result is unzubstantiated with dats
since Lt derives ntirely from the sublective

2 X r

t

be (D

3

hough not ji%cu°spd previously, the Amper
i aed tape sysiem functioned excellently in
ing individual instruction through ¢

r. bLuring the evaluation of ¢ Q

der Lad to start or stop some nine thousand
S, 2 task whnich certainly was not a normal d
eration. The only difficulties encountere
he recorder head voltage required periodic
istments, the heads needed regular cleaning,

trhe automatic tension corntrol finally failed,
iring only tiat the manual control Le used.

\‘* QJ“

COMCLUSIONG, IHPLICATIONS, AND EECOFMENDATIONS

secause this research activity had two objective.s,
the evaluation cf moblvatinc matnr.nls in an instruct-
ional program and the further technical deve Lopment.
534 1 programed video system, conciusions must be oo
with respect to both objectives.

In terms of a video~tape instruzticnal system,
th;o project made considerable progress. A new
Lop-start control mechanism was devised which used
15 a controli impulse an audic signal placed on thae
second audio channel of the recordei. This control
technique was supericr to the one used previously
Invelving reflecting tape and a photoelectronic devieo.

The systematic procedure for preparing linenr
nrogsrams for video tape recording snd presentation
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of thie procedure wiil be reflnedents and 1mprovements

Puring the rescarch period itself, the cost of
o tape recorders has dropped tc where it is now
sible fc purchase an accertatle system for under
5000, Thus tne feasibility of prosraming appropri

ts of courses now exists. The uitimate use of
neiom access videc tare,controliszu by 2 small
comes more dOoS;dl& as tne costs continuc
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The quality of programing in this project wacs

st roor. The grocess cof producing and recorain.-

ations, and nol just talk, cspecinaliy e lat. .
ear program, is extremely difficult io do

i. 1t requircc competent technlicians, writers,

wed

2rtisis, and televicion studio personnel. Alibcus:s
tne investigators had much telcviolou experience,
tney were not specialists in all these fiel:ds, and

n spite of attempts to be all these things, they

uld not successfully perform in a way that nroduc=i
'ua14uJ materiais. Tne surprizing effectiveness

of the programs in teaching the concepts is made

even more remarkable bty the fact that the progranms
were not polished, were not well done.

The results of the comparisons of motivated and
unmotivated treatments, at first, m;ght indicate
trnat the so-called mctivational mat rials did not
metivate. This conclusion is tenable. However,
there 1s another conclusion which appears far more
probable that should be considered.

The basis of this research project was that
students were boredq with conventional, written
programs, and because many students never rcally
needed to make correct responses, knowledge of thce
correctness of a response was of no consequernce. Tha
programs used in this project, because fthey were
sreceded by materials designed to motivate, should
cause greater learning than without such motd
matarial.,
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nis research rrcject may nave never reallys
vtected motivational materials; it pnernaps could not
have done so. The use of & novel television system,
for which studerits received appointmerits Stressing
their owﬂ ‘mportance was, in itsel?f, extremely
Students were already motivated when

tkey aopeared to tade programs. Tnis hypothesis

iz supported ty theg very nigh achievement of studuntr

A 21l Lreosrams, oriceded or not by metivatinge:

materiaiz,  For a2 student =zlrezdy hisnly motlivaied,

the prreceding mzterizls used could «o5 little te
tiaeir desire to iefarn w2lil o subsequoens

Programs wierve [ resented 1n iiv
ncvei TV systom, wnere ouch at rt
iven o the stunent. iie wWore W
3 mazimumw cof only 2 nours and t”
ftime to beccome bored, z2s with wri
uaced for gseverzi montns. In short, tne Hawtnorn
2ffect bon,lctel, eliminated the ; ared metivations]
materiais =zs factorc in the exper ima ‘

fOne musi 2ccent one of tne aboyve concliusions,
4

although botn miirhbl Le partly true. Eitner the
motivational materizls were not motivating, or,

if they were, they were not ac important as con-
firming resvonses, or, tne Hawthorn offect oo
ennanced the aciiievement of students as to mask

any difference tnat thz motivational materials wou:id
Iiave produced.
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reconmended thzt ressavren be supported which will
cxamine effeets of diffe t technisues of providing
Lthese motivational materials for all Kinds of
instructionzl programs. This project suggests also
that studies be carried out in extended, conventionzl
grozrams, wnere the student is completely unaware

that an experiment is being ceonducted.

in terms of motivational materials, tne task
©7 zmelecting maleriais apr=2ling tc basic needs is
diffieult, tut further atLempts in this respect
should be made. It is 1izxely that appeals to secontiary
needs would be more fruitfui. It would zlso pe
imporfant to examine tae nessibiiities of providing
individualized motivationa] devices based on real
needs of individuzl students.

The entire zrea of motivation neeas specifice
attention. Huch research is needed to evalusgte
its need, and the bLest technigues for providing it.
SLELARY

Tne llterature has revealed that programed
learning materials often lesd to hkoredom for students.
Alg~, in many studies, prozramed materials teacn no
better than conventionzi instruction. The assumption
that znowledge c¢f correctness ¢ resporises is
motivating without an associated need has not been

25tablished as fact.

Frogramed materials had Leer adaptzd ror
presentation by telievision but not With the video
tape recorder. Thnis tyne presentation needed further

develcpment.

The prejzet involved the writing of five linear
physics programs which were adapted for presentation
on television te individual studenite by videon tapeda
recordings. FEach of the five brograris had sequence:
Lreceding it which ﬁéﬁ?designed to motivate the
student t€o learn the subsequent material. kach
student would take tun programs, one motivated, ihe
other unmotivated, each followed by a test over ine
concept taught.

An experimental design involving 66 students
under a matcned pair motivated and unmoctivated




tre",ment, Fave results that showsd no significant
difference in acnievement vetween motivated and

-

unmotivated orograms. A similar result was observed
wien a full sample of 89 students was examined

under a desizn compzaring directly the motivated

with the unmotivated test score results.

Father than con

sidering that the motivationsai
materials failed, kecause
=m

of extremsly high test
results on ail srograms, the novel aspect of the
T7 apraratus, and the brief exposure time for stucent:,
it was cone ludcd vi:nt the rawthorn effect masked any
possibie results Que Lo motivationsl materizls.
vy ~e f-',?i.

it was recommen

ied ther studies be carried
out wvsing motivatinﬁ materic
in

als over more extendedd
onal instructional

L
periods of time
crograms.

ihe progress in developing the videc-instructions]
ew Was significzani, but nroduction of grogzramed
420 tape materials requires considerable numbers
ompetent staff to get quality results. The
ng costs of video apparatus makes its use
v feasitle.

e
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I,

t

FREESOURE -1

“he guantity "iH pounds" is what kind of a
rshysical measure?

&, Fower BE. Wore
. bBnergy L. Force
£, ilass

The guantity "veignt" is the same as the quantity
L. Power B. Work

C. Znergy . Force

K. iass

vinich of the fsilewing is a formula definition

O
g
™

i arez of 4 sqguare inches is pushed on by
i pounds. 1In units using pounds and saquare

incnes, the pressure is

A. 48
C. 1/3

(W)
N w
=

) 6]
e @ M

In units of pounds and square inches, the pressurc
due to the atmosphere is, apprcximately,

A, 12 B. 8
C. 306 D. 15
E. 290

In units using pounds and square inches, the air
pressure in a tank is 25. What force does the
air exert inside the tank on an area of U square
inches?

A. 100 B. Ly2s
C. 6.25 Do 200
E. 15 -

Bl N S L v eewn o e
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O

140

—

1t i3 gesired to find the surface area of an
irreauierJ siraped flat cbject. A pressure of
10 units produces a force of 25 pounds. In
square inches, the surface ares is

A, 2950 8. 10/25

C. 150 B. 2500

e 2.5

- e .

T 4+ & 3 . - 4 ~

In wne ejquation v = z/%x, to zolve
n -

29 A

or zZ one must
f.  MOVe She Xt Sne othop of ne

equation

Soti: sides of the <guation by x.
L. Fove the z to the other side of the 2quation.

Z. Invert both sides of the eguation.

A flsor surface is 3 inches long and 2 inches
wide. In pounds, the atmosphere sxerts a force
on this surface of

£E. 15 B, 30

C. S0 c.o 15

e K715

forra2gsure of 20 units on 2 circular surface of
radius 2 inches exerts z force in pounds of

A. 251 5. 4G
c,19 . 1/i¢C
. 25.1

A steel bleck 20 inches high, 2 inches thick
and 5 inches wide has o welght of 60 pounds.

In units of pounds and square inches, it exerts
2 pressure of

3 3 2
. 15/29 D. RAVAST
5 !

“he air pressure in a cealcd e
unite when the pressure outside
Thie net pressure is

ontainer is 3V
iz 35 units.

A. 5 units outward B. 5 units inward
C. 65 unitz outward I.o 65 units inward

E. 0 units
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0

senlic:!

e air prezsure n o
aren 30 gauare inehes is
cutsine pressure is LY

in pounds is

furinel pressure of

. Travels riortneast
funnel pres

at

at over

2
-

2t

uriiths

35

box of surfacc
units when the:

he net force

£. 0D B. 2

C. lE‘ :.\'.0 (0{)

E. 54¢

A rectarular container is 3 inches bJ 3 inc

and 10 inches hivn. The rressure inside ind

container is 30 unitz wnen the rnressure outs

is 18 units. The net force in pnounds on one

wa2ll is

A, 12 . B8

C. 102 D. 350

P 4

An averzge tornad

A. Trzvels soutnwest =zt ovar 350 mph witn 3
funnel pressure of -3 units.

E. Travels northeast at cver 300 mph with o

-3 units.

sure of 12 units.

to 45 mph with =
to 1Y mph with 4

P
Uuriivs.

. Travels nortneast at 35
funnel cressure of -

e Travels coubhwest
o . £
runnel pressure of

A=3

12

urii

(50

—
.
e
.-
-~
-

mph

1' -
e
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AINETIC ENERCY-2

The weight of an object is the same as

A. Energy B. Force
C. Mass D. Power

E. VWork

The following is & correct formula definition c¢f
the wWork dcne orni an o¢bject.

A. ¥ = F/c B. W = #gh

C. W=wxh D. W= 1/2 MV

£. W =PF x d

A force of 20 pounds pusnes a 50 pound box through
a distance c¢of 5 feet. The work done on the box,
in approprizte units, is

A, 12.5 B. 100

c. 25 : D. 10

E. 250

A force of 30 pounds pulls a 60 pound box
through a distance of 5 feet at a speed of

I £t/sec. The work done on tne box, in proper’
units, is

A. 2 B. 150
Z. 2 D. 6
E. 300

An 80 pound box pulled at constant speed 3 fect
across a table top by a force of 27 pounds
transfers how much energy (in »nroper units) to
the tabie top?

A. 80/27 B. 3/24
c. 81 D. §
E. 240

When a box 1s pulled acrcss the surface of a
table at constant speed, the work done is converi.d

A. Speed B. Mechanical energy
C. FKinetic energy D. Potential encrgy
E. Thermal energy

P

.

A
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8.

10.

11.

12.

An cbject moving on a frictionless surface
under the action cof a constant force

A. Moves at a constant speed

3. Loses kinetic energy

C. Transfers thermal energy

.  Acguires pctential energy

E. Accelerates uniformly

Wnen work is cdone on zn object mecving on 2

frictioniess surface, the energy of the object
A. 1Is converted into heat

5. 1Is lost

C. Accumulates as potential enzrgy

D. Accumulates as kinetic energy

E. 1Is dissipated as thermal energy

The correct formula for the kinetic energy
of a moving object is

R. F x @ . 5. W X hq
C. 1i/2 w x V< - D. w z V¢/64
E. My

A 50 pound car moving at 16 ft/sec for 10 seconds
nas a xinetiec energy of

A. 2000 units B. 800 units
C. 9000 units D. 500 units
£E. 200 units

An object has 2 kinetic energy of 6 units while
moving at 8 ft/sec. When moving at 16 ft/sec it
nas a kinetic energy of

L. 12 units 3. 24 units
C. 48 units D. 128 units
E. Can't be determined without weight

£ 590 pound car has a kinetic energy of 70 units.
If the speed of the car is tripled, the kinetic
energy 1is

A. 630 units B. 210 units
C. 3500 units D. 150 units
E. Can't find without knowing speeds.

P




13.

15.

Exanine the following teble:

Y P4
5 2
17 3
4g b
78 5
135 6

Thie variable Y is

A. TProportional to %

3. Proportional to the square of X%
C. Proportional to the cube of X
. TInversely proportional to X

E. Inversely proportional to ihe square of X

The minimum stopping distance of an automobile
on wet pavement from a speed of 20 mph is 30
feet. On the same surface, minimum stopping
distance from a speed of 40 mph is

A. 120 feet B. 60 feet
C. 600 feet L. 80 feet

E. 15 feet

Trie minimum stopping distance of an automobile
on a gravel surfacce from a speed of 30 mph is
40 feet. On the same surface, the minimum
stopping distance from a speed of 90 mph is

. 360 feet
. 3600 feet

A. 120 feet
C. 1080 feet
E. 60 feet

willes

A-6
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POTENTI AL ENERGY -3

.

1. “%he welght of an object is the same as

£. HMass B. Power
C. Work D. Force

E, Energy

2. The followiny ic 2 correct formula definition
cf the work dore on an object.

L. W=Fxad B. W= 1w X b
C. W= 1/2 Kve D. W = Mgh
E. W= F/§

3. A force of 20 pounds pushes a 50 pound box
through a alstance of & feet. The work done
on the box, in appropriate units, is

. 250 3. 10
C. 100 D. 12.%5
E. 25

4. A force of 30 pounds pulls a 60 pound box
throupgh a distance of 5 feet at a speed of /4
rt/sce.  The work done on the box, u propoer
units, 1is

A, 300 B. 12
. b e <

C
E. 150

5. An 80 pound box pulied at constant speed 3 feet
across a table top by a force of 27 pounds
transfers how much energy (in nreper units) to
Che table top?

A, 2hG B. 81 .
Ce 9 . 80727
E. 3/24

6. When a box is pulled across the surface of a
table at constant speed; the work done is
converted into

A. Kinetic energy B. Thermal energy
C. Potential energy D. HMechanical enerpy
E. Speed

A-T




7. An object moving on a frictionless surface
under the action of a constant force

Accelerates uniformly
Transfers thermal energy
fcguires potential energ
Loses Kinetic energy
lioves at z constant speed

TSI

bt
)

.~
L ]

8. when vork is done on an object moving on a
frictionless surface, the energy of the ov

4.
el

e

2. Is dissipated as thermal energy
3. Accumulates as potential energy
C. Accumulates as kinetic energy
. Is lost

. Is converted into heat

=1

9 When an object is lifted at constant speed
tiirough a given distance, in what fcrm does
the work done on the object appear?

A. Potential energy ., Kinetic energy
C. Tnermal energy D. Heat energy
E. It is lost.

10. A 10 pound weight 1ifted vertically through
a distance of 5 feet at constant speed stores
how much energy (in proper units) in the
gravitational field?

1i. A 20 pound weight is 1ifted at 5 ft/sec througn
a vertical distance of 2 feet. The potentia l
energy of the weight is then (in proper units)

A. 100 B. 10
C. 40 D. 4
E. 7T

12. What 1s the potential energy of 2 30060 pound
automobile at the top of a mountain 7000 feet
above 1ts base (in proper units)?

A, 7/3 B. 21,00C,000
c. 3/7 D. 21,000
E. 3000

A-8




14,

. Hov much heat must be dissipated in the

brakes of a 4000 pound car to drive safely
down a mountain 2000 feet high (in proper units)?

A. 2 B. 1/2
c. 4,000,000 D. 2,000,000
E. 8,000,000

A 4000 pound car is at rest at the top of a
hill 200 feet nigh. 1If the car is to have
200,000 units of kinetic energy at tne bottom
of the hill, how much heat must be dissipated
in the brakes on the way down?

A. 1,000,000 B. 800,000
C. 600,000 D. 400,000
E. 200,000

A 5000 pound automoblile at the top of a
mountain 4000 feet high is ready to drive back
down. If the brakes of this car can dissipate
a maximum of 10,000 energy units per second
for ten minutes without igniting, what minimum
number of stops 1s necessary in descending

the mountain?

A. 2 B. 3
C. u D: 5
E. 5

A-9




CIRECUIT DIAGRAMS-U

1. The following is a correct symbol for a single
conductor of electric current.

L ' |
C. Eg D. e ———
> |

The following is a correct symbol for the place
at wnich two electric conductors cross without
making electrical contact.

H
.

NG

1

3. —

AN

A-10




The feollowing symbol represents a source of
alternating current.

c. PN N i

The followlng symbol represents an electrical
resistor.

E. My

The following symbol represents the heatilng
element. in an eirctrle skillot,

a. —TL B. =

. —\AA— D. —| ‘—-

A-11
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(.. The following circult diagram represents an
c¢lectric toaster.

A, - I R
"*D 1~

7. The following symbol represents a transformer.

A. -::-l_::- B. ’Kt/\"’

f;j | T f,’r

g, —NAA—

¢

FRIC e oo - , e e e e e
PAFuiiText pr ic

Toxt Provided by ERI -




——— o —— .

8. The following symbol contains a center-tap.

— B. ——v’/’"’\‘--
—lE" ;
c. U D. +7
|
[ E. P

9. An iron rod is driven 6 feet down into the
earth, and a conductor is soldered to the rod.
This electrical arrangement is represented by
the following symbol.

B. 'tT_L._—_.—

S

A-173
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10. The following symbol represents the electrical
power circuit from your hcuse to the high
voltage power lines outside your house.

- —rr e o——— ...9

%HE‘ i, ~ T

¢ l - i 4
c. S
| .f
€« : - >
e e
j
D. —

A-14
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11. The following diagram represents the circuit
from the power pole outside your house to a

110 volt electric skillet plugped into a wall
out fet,

vy
'—Lll R-_J
|
| (: :‘)
i
[
/
“NAS

A

T

mn

A-15




The ZTollowling diajpram represents tLhe circuit
from the power pole to a 220 volt electric
dryer 1n a house.

I
|

o2

L | :

-  —— ————
H

= it >
3 E%gggi N ‘“%"’ :
¢ ‘ “(5 _ “___l__,” g ;
— < s
]

.
c. ;%
r =

- ...
e e e . ..
I 5 W e & m—r— -

I i




13.

TO
POVIER

POLE

TO
POWER

POLE

TC
POWER
POLE

TO
POWER
POLE

TO
POWER
POLE

The following diagram represents an electrical
appliance which could give an electrical shock
when its metal case is touched.

CASE
CASE
C L ]
\L - e ——
€ .. v
i CASE
i
D.
{—. FOR— - - - - s 5 o e it i aos emtd
CASE
e M - 9
- i
e e e+ R |
E L ]
(_-_ o o e o a " - -
CASE

A-17




1%. In which one of the following circuits could.
you receive an electric shock by touching
simultaneously points marked X and Y?

T0 e e ey

POWER o e < = ey
poLg Y] e oA L,

A

11,
TO

PCHITK - meee s e Y
- . ; ! cask
POLE g e e <] X
: i
oL led |

TO
ST S S x .
POWER | ¢ ‘

POLE

7N\
i
i
!
1
!
!
|
!
i
!
!
i
i

>

7o et e+ e e e e 1ot i B ‘
POWER R S ) -

POLE - ~w_ L

TO - U
A iy 4L

Vg

—— e e - ’

|

POVER Q.nw.mum%~ Lw/)“~wmn_

POLE

A-18




15. iiow much voltage exists betwezn points X and Y
in the followling circuit?

RTINS S
TO 2

POYER f
(. PR [. —_— . . v eam -3- [ . f e e e e - _..-..—......g

POLE =
N S 3

o

(._..-_.. -t . S e e e e e — .

A. 110 volts

B. ©
C 226 volts
D. 440 volts

E. 117 volts

A-]19
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SCALING LAYS-5

L piece c¢f string breaks under a force of
3 pounds. An identical piece of string twice
as long is how stronig?

A. One half as strcng B. Twice as strong
C. Same strengstn D. Ones fourth as strong
5. TFour times &s strons

-——
N

One piece of siring breaks under a foree of
 pounds.  How much force s required to breni
thres pieces of ildentical string?

A. % pounds B. 5/3 pounds
C. 3/5 pounds D. 45 pounds
. 15 pounds

i cablie nas 1 breadzing strength of 500 pounds.
A cable having twice as much cross-secticnal
area has wnat breaking strensth?

A. 250 pounds B. 2000 pounds
C. 12% pounds J. 500 nounds

()

Bt}

. 10060 pounds

A cable of diameter 1/8 inch has z breaking
strength of 2 tons. A similar cable of
diameter 3/8 inch has a breaking strength of
A. £ tons B. 18 tons

B. 2/3 tons D. 2/9 tons

. 9 tons .

A cable of diameter 1 inchi has a breaking strength

of 8 tens. A similar cable having a diameter of
I incnes would have what breaking strength?

A. 8 tons B. 32 *“ons
C. 128 tons D. 2 tons
F. 1/2 ton

i strut has a breaking strength of 60 pounds.
A similar strut having a diameter 2 times larger
would nold

A. 120 pounds i, 60 pounds
C. 20/3 pounds D. 540 pounds

r,. 20 pourids

A=20




7.

10.

12.

A cylindrical tank holds 200 pounds of water,
a similar tank with a diameter 3 times larger
would hold

£. 1800 pounds B. 600 pounds

C. B60 pounds D. 5400 pounds

E. 200 pounds

A water-filled tank is three times larger 1n
every linear dimension than a smaller tank.

If the smaller water-filled tank weighs 6C pounds,
hov mucn does the larger tank wiegh?

A. 133 pounds B. 1620 pounds

C. 540 pounds D. 20 pounds

E. 20/3 pounds

A z01id obfect weighs 200 pounds. How much does
a similarly shaped otject weigh when its linear
dimensions are all increased by a factor of #?

A. 12,800 pcunds B. 50 pounds
C. 200 pounds D. 2406 pounds
E. 3200 pounds

£ man weizhs 160 pounds. How much would he
weirh i he were 3 times larser in every linear
dimension?

A. U480 pounds B. 1440 pounds

C. 320 pounds D. 960 pounds
E. 4320 pounds

A 160 pound man has leg bones and muscle with

a breaking strength of 960 pounds. If he is

I times larger in every linear dimension, what
then is the ratio of his weight to his strength?

A, b/1 B. 1/4
c. 2/3 D. 3/2
E. 16/96

A 20C pound man has leg bones and nuscle with
a breaking strength of 1000 pounds. If he is
only 1/.0 as large in every linear dimension,
for his size and weight how much stronger 1is
he than at normal size?

A. 1/10 B. 1/1G0O
C. 10 times D. 100 times
E. 1000 times

A-21




13.

b,

15.

An ant that weighs .00l pounds is made 1000
times larger in every linear dimension. For
his size and weight, how much stronger is this
giant ant than a real ant?

A. 1000 times B. l/lOOQ
C. /100 D. 100 times
L, 1/10

A 150 pourd man has leg bones and muscle with

& breaking strength of 1500 pounds. How much
would he weigh ané how much could Lis legs
support if he were 10 times larger in every .
linear dimention?

A. 150,000; 150,000 B. 1500; 15,000
c. 150,000; 15,000 D. 150,000;1,500,000
E. 1,500,000; 150,000

A man is 6 feet tall, weighs 150 pounds, and

has leg bones and muscle with & supporting strength
of 2000 pounds. If this man were somehow made

iC0 times larger in every linear dimension, a

600 foot giant, how much strength would his legs
then lack just to support his own weight?

A. 185,000 pounds. B. 20,000,000 pounds

Cc. 200,000 pounds D. 150,000,000 pounds
E. 130,000,000 pounds

A-22




